Introduction {#S0001}
============

Gliomas are the most common and aggressive primary brain tumors with poor prognosis despite maximal surgical resection and current chemo-radiotherapy.[@CIT0001],[@CIT0002] Based on the pathological features, gliomas can be classified as World Health Organization (WHO) grade I to IV.[@CIT0003] Clinically, patients with high-grade gliomas have significantly worse prognosis and increased fatality relative to those with low-grade gliomas. Glioblastoma multiforme (GBM, WHO grade IV), which is the most lethal type of glioma, has a median survival of approximately only one year with generally poor responses to all therapies. The failure of conventional cancer therapy has encouraged researchers to explore new and more targeted therapy options.

It is acknowledged that tumor microenvironment (TME) plays a crucial role in supporting the malignant growth and progression of glioma.[@CIT0004],[@CIT0005] The TME is comprised of various components, including infiltrating immune cells, fibroblasts, endothelial cells and extracellular matrix.[@CIT0006]--[@CIT0008] The interplay between TME and tumor cells may contribute to immune evasiveness and systemic invasiveness of malignant cells by producing cytokines, chemokines, and angiogenic molecules. Recently, immune checkpoint blockade therapy made great success in cancers.[@CIT0009],[@CIT0010] For example, immune checkpoint inhibitors targeting PD-1/PD-L1 have been clinically successful and revolutionized the treatment of a number of advanced cancers, including melanoma and non-small-cell lung cancer.[@CIT0011],[@CIT0012] Monoclonal antibodies directed against cytotoxic T lymphocyte--associated antigen-4 (CTLA-4), such as ipilimumab, yield considerable clinical benefit for patients with metastatic melanoma.[@CIT0013],[@CIT0014] This success has greatly promoted the researches on immunotherapy of glioma.[@CIT0015]--[@CIT0017] However, current immunotherapies in glioma showed poor clinical efficacy. It is urgent to elucidate the interactions between tumor and immunity, and identify novel immunotherapeutic targets in glioma.

Long non-coding RNAs (lncRNAs), which are a novel class of non-protein-coding transcripts that are longer than 200 nucleotides and lack apparent open reading frames, play a critical role in the development and progression of cancers.[@CIT0018] Accumulating evidence indicates that lncRNAs can serve as potential biomarkers for cancers and have significant roles in immune response, immune cell differentiation and the regulation of related processes. In addition, lncRNAs can regulate inflammatory factors and inflammation-related genes to control inflammation.[@CIT0019] However, the involvement of lncRNAs in the complicated immune regulation still needs further exploration.

DiGeorge syndrome critical region gene 5 (DGCR5) is a novel lncRNA, which is significantly decreased in Huntington's disease neurodegeneration.[@CIT0020] Increasing evidence has revealed that DGCR5 is a suppressor of lung cancer, cervical cancer, gastric cancer and hepatocellular carcinoma progression.[@CIT0021]--[@CIT0024] Moreover, down-regulation of DGCR5 correlates with poor prognosis in hepatocellular carcinoma and bladder cancer.[@CIT0025],[@CIT0026] A recent study reported that DGCR5 inhibited the proliferation, aggressiveness phenotypes, and EMT of glioblastoma cell.[@CIT0027] However, the role of DGCR5 in glioma has remained largely unknown. The present study is aimed to investigate the role and underlying mechanisms of DGCR5 in glioma progression.

In this study, we comprehensively investigated DGCR5 expression pattern, and its correlations with immune functions and prognosis of glioma patients based on data from TCGA and CGGA datasets. Moreover, we analyzed the associations of DGCR5 with infiltrated stromal and immune cells. This is the largest and comprehensive study characterizing DGCR5 expression in whole grade gliomas at the molecular and clinical levels through large-scale analysis. Our results revealed that DGCR5 may be a promising biomarker and therapeutic target for glioma.

Materials and Methods {#S0002}
=====================

Data Collection and Human Tissue Samples {#S0002-S2001}
----------------------------------------

The TCGA dataset was obtained from the University of California, Santa Cruz, Xena browser ([<https://xenabrowser.net/>]{.ul}), which contains 697 RNA-seq samples as well as clinical annotation. An additional dataset including 301 samples of mRNA microarray data was downloaded from Chinese Glioma Genome Atlas (CGGA) ([<http://www.cgga.org.cn/>]{.ul}).

In addition, we obtained glioma tissue samples from 35 patients (10 grade II, 10 grade III, and 15 grade IV glioma) and 10 normal brain tissue samples from the Department of Neurosurgery, The Affiliated Wuxi No.2 People's Hospital of Nanjing Medical university, China. The normal brain tissue samples were obtained from 10 individuals undergoing internal decompression surgery following severe traumatic brain injury. This study was approved by the Ethics Committee of The Affiliated Wuxi No.2 People's Hospital of Nanjing Medical University and informed consent was obtained from all the patients.

Cell Lines {#S0002-S2002}
----------

Human glioblastoma cells (LN229, A172, U251, and U87) were purchased from the Cell bank of the Chinese Academy of Sciences (Shanghai, China). The normal human astrocyte cell line (HA1800) was purchased from Boster Biological Technology, Ltd. (Wuhan, China). All the cell lines were cultured in DMEM containing 10% fetal bovine serum, 100µg/mL penicillin and 100µg/mL streptomycin and cultured at 37°C with 5% CO~2~.

Quantitative Real-Time PCR (qRT-PCR) Assay {#S0002-S2003}
------------------------------------------

RNAs were extracted using Trizol reagent (Invitrogen) according to the manufacturer's protocol. Then, RNAs were transcribed into cDNAs using the PrimeScript RT Master Mix Perfect Real Time (TaKaRa, Otsu, Shiga, Japan). qRT-PCR was carried out using SYBR Premix Ex Taq II (Takara Bio). β-actin mRNA was included as internal control.

Functional Annotation of DGCR5 {#S0002-S2004}
------------------------------

Significantly related genes with DGCR5 expression were retrieved by using the Pearson correlation analysis. Gene ontology (GO) analysis was subsequently performed on DAVID Bioinformatics Resources 6.7 ([<http://david.abcc.ncifcrf.gov/>]{.ul}).

Statistical Analysis {#S0002-S2005}
--------------------

R language was the main tool to generate figures and perform the statistical analysis. The overall survival difference was calculated with the Kaplan--Meier method by the survival package. Several R packages, such as ggplot2, pheatmap, pROC, circlize, corrplot and corrgram, were used to generate figures. SPSS 23.0 was used to examine prognostic factors by Cox proportional hazards regression model. For in vitro experiments, the statistical analysis was performed using GraphPad Prism version 7.0. A *p*-value less than 0.05 is considered statistically significant.

Results {#S0003}
=======

DGCR5 is Downregulated in Glioma {#S0003-S2001}
--------------------------------

To determine the differences of DGCR5 expression between glioma and normal brain tissues, we first analyzed the mRNA levels of DGCR5 using GEPIA. As shown in [Figure 1A](#F0001){ref-type="fig"}, DGCR5 expression was lower in LGG (lower grade glioma) and GBM compared with that in the normal tissues. We next examined the RNA-seq data from TCGA dataset to explore the expression pattern of DGCR5 in glioma. The results revealed that DGCR5 expression was markedly decreased in GBM compared with that in grade II and grade III gliomas ([Figure 1B](#F0001){ref-type="fig"}). This result was similar in the CGGA dataset ([Figure 1C](#F0001){ref-type="fig"}). To further validate these findings, we used qRT-PCR to detect the expression levels of DGCR5 in our glioma samples, normal brain tissues and cell lines. As shown in [Figure 1D](#F0001){ref-type="fig"}, DGCR5 expression was much lower in glioma tissues than that in normal brain tissues. In addition, the expression of DGCR5 was negatively correlated with WHO grade of gliomas ([Figure 1E](#F0001){ref-type="fig"}). Moreover, DGCR5 expression was downregulated in glioma cell lines (LN229, A172, U251, and U87) compared with that in normal astrocyte cell line (HA1800) ([Figure 1F](#F0001){ref-type="fig"}). These results demonstrated that DGCR5 expression is significantly downregulated in glioma.Figure 1DGCR5 is significantly decreased in gliomas and negatively associated with tumor aggressiveness. (**A**) Differential expression of DGCR5 in brain lower grade glioma (LGG) and glioblastoma (GBM) compared to that in normal brain tissues in GEPIA. (**B--C**) DGCR5 expression in glioma of WHO grade II--IV based on TCGA and CGGA datasets. (**D**) Validation of aberrant mRNA expression of DGCR5 in 35 gliomas compared to that in 10 normal brain tissues via qRT-PCR. (**E**) DGCR5 expression in glioma of WHO grade II--IV based on our patient samples. (**F**) The mRNA expression level of DGCR5 in glioma cell lines and normal glial cell line by qRT-PCR. \*\* *p*\<0.01; \*\*\* *p*\<0.001; \*\*\*\* *p*\<0.0001; ns, not significant.

DGCR5 is Enriched in IDH Mutant Glioma {#S0003-S2002}
--------------------------------------

Emerging evidence has indicated that the IDH mutation status is remarkably related to clinical outcomes and oncogenic progression in glioma patients.[@CIT0028] Generally, IDH mutant glioma carries an improved prognosis compared with IDH wild-type glioma of similar grade. Thus, we further measured the correlation of DGCR5 expression with IDH status. We found that DGCR5 was highly enriched in IDH mutant glioma in both TCGA and CGGA datasets ([Figure 2A](#F0002){ref-type="fig"}--[B](#F0002){ref-type="fig"}). Subsequently, we performed ROC analysis to assess the diagnostic value of DGCR5 as a biomarker for detecting IDH status in glioma. The area under the curves (AUC) in TCGA and CGGA datasets were 71.4% and 69.7%, respectively ([Figure 2C](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}). These data suggested that DGCR5 is significantly enriched in IDH mutant glioma.Figure 2DGCR5 is enriched in IDH mutant glioma. (**A, B**) DGCR5 is significantly overexpressed in IDH mutant glioma in TCGA and CGGA datasets. (**C, D**) ROC curve analysis reveals the predictive value of DGCR5 for IDH mutant glioma in TCGA and CGGA datasets. \*\*\*\* *p*\<0.0001.

DGCR5 is Related to Immune Functions in Glioma {#S0003-S2003}
----------------------------------------------

Since DGCR5 expression was distinctly associated with the malignancy of glioma, we inferred that DGCR5 had important biological functions in glioma progression. To identify the potential mechanisms of DGCR5, we first analyzed the related genes in the datasets by the Pearson correlation analysis (\|r\| \>0.4 and *p*\< 0.01). Totally, 1770 and 2000 positive genes, and 1425 and 2056 negative genes were selected as significantly correlated with DGCR5 expression in TCGA and CGGA datasets, respectively. We then examined the biological functions of these genes on the DAVID website. GO analysis showed that genes negatively related to DGCR5 were significantly enriched in immune response, immune system process and other immune-related functions in both datasets ([Figure 3A](#F0003){ref-type="fig"}--[B](#F0003){ref-type="fig"}). These findings suggested that DGCR5 may participate in the regulation of immune system in glioma.Figure 3DGCR5 is related to immune functions in glioma. (**A, B**) GO analysis shows that DGCR5 is involved in immune response, immune system process and other immune-related functions in both TCGA and CGGA datasets.

DGCR5 is Related to Inflammatory Activities in Glioma {#S0003-S2004}
-----------------------------------------------------

To explore whether DGCR5 is associated with inflammatory response, we selected seven clusters (comprising 104 genes in total), which were previously established as metagenes representing different types of immune response functions.[@CIT0029] Most genes were negatively correlated with DGCR5 expression except for IgG ([Figure 4A](#F0004){ref-type="fig"}--[B](#F0004){ref-type="fig"}). To verify the above findings, Gene Sets Variation Analysis (GSVA) was used to transform gene expression into enrichment scores for these metagenes. Corrgrams were obtained based on the Pearson's r values between DGCR5 and seven metagenes ([Figure 4C](#F0004){ref-type="fig"}--[D](#F0004){ref-type="fig"}). We found that DGCR5 was negatively associated with HCK, LCK, MHC-I, MHC-II, STAT1 and interferon, in consistent with what we observed in [Figure 4A](#F0004){ref-type="fig"}--[B](#F0004){ref-type="fig"}. These results indicated that DGCR5 may play a crucial role in inflammatory response.Figure 4The relationship between DGCR5 and immune activities. (**A, B**) Heatmaps displaying the clinicopathological parameters, DGCR5 expression, and seven related metagenes from TCGA and CGGA datasets. (**C, D**) Corrgrams were established based on the relationship between DGCR5 expression and GSVA enrichment scores for these seven metagenes.

DGCR5 is Correlated with Infiltrated Cells in Glioma Microenvironment {#S0003-S2005}
---------------------------------------------------------------------

To get a better understanding of the relationship between DGCR5 and the infiltrated cells, we used ESTIMATE algorithm method described by Yoshihara.[@CIT0030] As shown in [Figure 5A](#F0005){ref-type="fig"}--[B](#F0005){ref-type="fig"}, in both TCGA and CGGA datasets, DGCR5 expression was significantly negatively associated with stromal score, immune score, and ESTIMATE score, suggesting that DGCR5 has a remarkable influence on the infiltration level of stromal and immune cell. Furthermore, Microenvironment Cell Populations-counter (MCP) method was used to evaluate the relationship between DGCR5 and specific cell populations in the TME of glioma.[@CIT0031] We found that DGCR5 showed a strong negative correlation with monocytic lineage, fibroblasts, myeloid dendritic cells, neutrophils and T cells ([Figure 5A](#F0005){ref-type="fig"}--[B](#F0005){ref-type="fig"}). To further determine these findings, we next employed xCell[@CIT0032] to analyze the correlation between DGCR5 expression and 64 immune and stromal cell types. The results revealed that DGCR5 expression was remarkably negatively correlated with 34 cell types, whereas positively correlated with 14 cell types ([Figure 6](#F0006){ref-type="fig"}). These cell types comprised 12 lymphoid, 12 myeloid cells, 11 stromal, six stem, and seven other cell types. Notably, DGCR5 expression was negatively correlated with the majority of myeloid cells and stromal cells. While the expression of DGCR5 was positively associated with mesenchymal stem cells (MSCs), CD8+ T cells and eosinophils, which were commonly recognized as anti-tumor cells.[@CIT0033]--[@CIT0035] These results strongly suggested that DGCR5 has an important influence on the infiltration of stromal and immune cells in the TME of glioma.Figure 5DGCR5 is tightly associated with immune score and infiltrated cells in the glioma microenvironment. (**A--B**, upper panel) DGCR5 is negatively associated with immune score and stromal score. (**A--B**, lower panel) DGCR5 is closely associated with infiltrated cells in the tumor microenvironment.Figure 6Correlation between DGCR5 expression and xCell scores in glioma. \* *p*\<0.05; \*\* *p*\<0.01; \*\*\* *p*\<0.001; \*\*\*\* *p*\<0.0001.

DGCR5 is Negatively Associated with Immune Checkpoints and Immunosuppressive Properties {#S0003-S2006}
---------------------------------------------------------------------------------------

Emerging studies have demonstrated that immune checkpoint members can act as therapeutic targets in clinical application or clinical trial.[@CIT0036] Therefore, we analyzed the relationship between DGCR5 and the currently available immune checkpoint blocking molecules, including PD-1 (PDCD1), PD-L1 (CD274), CTLA-4, LAG3, TIM-3 (HAVCR2) and B7-H3 (CD276). Pearson correlation analysis showed that DGCR5 was notably negatively associated with these immune checkpoints in glioma ([Figure 7A](#F0007){ref-type="fig"}--[B](#F0007){ref-type="fig"}), indicating the potential regulatory effects of DGCR5 on these checkpoint members.Figure 7DGCR5 correlates with immune checkpoints and immunosuppressive properties. (**A, B**) Correlation between DGCR5 and immune checkpoints (PD-1, PD-L1, CTLA4, LAG3, TIM-3 and B7-H3) in TCGA and CGGA datasets. (**C**) Correlation between DGCR5 and immunosuppressive cell recruitment factors. (**D**) Correlation between DGCR5 and immunosuppressive factors secreted by myeloid-derived suppressor cells (MDSCs), tumor-associated macrophages (TAMs) and tumor-associated neutrophils (TANs). \* *p*\<0.05; \*\* *p*\<0.01; \*\*\* *p*\<0.001; \*\*\*\* *p*\<0.0001; ns, not significant.

Since DGCR5 is significantly related to immunosuppressive cells, such as macrophages, neutrophils and dendritic cells, we speculated that DGCR5 may be related to the immunosuppressive properties of glioma. To confirm this, we selected critical factors that recruit myeloid-derived suppressor cells, tumor-associated macrophages (TAMs), and tumor-associated neutrophils, as well as the immunosuppressive factors secreted by these cells, and then performed correlation analysis to analyze the relationship between DGCR5 expression and these factors.[@CIT0037] Surprisingly, DGCR5 showed an obviously negative correlation with the majority of immunosuppressive cell recruitment factors and immunosuppressive factors ([Figure 7C](#F0007){ref-type="fig"}--[D](#F0007){ref-type="fig"}). These findings were consistent with the above results and further confirmed the potential immunotherapeutic value of DGCR5 in glioma.

DGCR5 is an Independent Prognostic Biomarker for Glioma Patients {#S0003-S2007}
----------------------------------------------------------------

We next investigated the prognostic value of DGCR5 in glioma. As shown in [Figure 8A](#F0008){ref-type="fig"}--[B](#F0008){ref-type="fig"}, glioma patients with low DGCR5 expression had a significantly shorter survival than patients with high DGCR5 expression in both TCGA and CGGA datasets. To further determine this result, we conducted univariate and multivariate Cox regression analyses in TCGA dataset ([Table 1](#T0001){ref-type="table"}). In the univariate analysis, DGCR5 expression as well as some other factors including age, KPS, tumor grade, radiation and targeted molecular therapy were significantly associated with overall survival of glioma patients. Next, the multivariate Cox regression analysis incorporating DGCR5 expression, age, KPS, tumor grade, radiation and targeted molecular therapy revealed that DGCR5 expression remained an independent prognostic factor for glioma patients after taking other factors into consideration.Table 1Univariate and Multivariate Cox Regression Analyses of Various Clinicopathological Characteristics in Relation to Overall Survival in Glioma Patients from TCGA CohortCharacteristicUnivariate AnalysisMultivariate AnalysisHR95% CI*p-*valueHR95% CI*p-*valueAge (≥47y vs \<47y)4.2993.247--5.693\<0.0011.9141.297--2.8240.001Gender (Male vs Female)1.1860.922--1.5270.184KPS score (\>80 vs ≤80)0.2970.220--0.402\<0.0010.6410.437--0.9400.023Tumor grade (GBM vs LGG)8.9326.757--11.807\<0.0015.3713.436--8.397\<0.001Radiation (yes vs no)2.3011.636--3.235\<0.0010.9090.567--1.4560.690Targeted molecular therapy (yes vs no)0.6320.486--0.8230.0011.4321.010--2.0310.044DGCR5 expression (Low vs High)2.5561.955--3.342\<0.0011.5981.123--2.2730.009[^2] Figure 8Survival analysis of DGCR5 in glioma. (**A, B**) Low expression of DGCR5 is associated with worse overall survival of glioma patients based on TCGA and CGGA datasets.

Discussion {#S0004}
==========

Glioma is the most prevalent and lethal type of central nervous system (CNS) tumor in adults, representing approximately 50% of all brain tumors. Improvements in treatment are very limited despite the developments in conventional therapies, including neurosurgical resection, adjuvant chemotherapy, radiotherapy and targeted therapy. Considering the extremely poor outcome and high resistance to standard treatment, new therapeutic approaches are urgently needed. Recent advances in immunotherapy have shown a promising prospect for glioma.[@CIT0038],[@CIT0039] Particularly, immune checkpoint blockade has made great progress in treatment of glioma. For instance, combination therapy with 4--1BB activation and CTLA-4 blockade in the setting of focal radiation therapy improves survival in an orthotopic mouse model of glioma.[@CIT0040] Anti-PD-1/PD-L1 combined with radiotherapy also improved local control and overall survival of glioma.[@CIT0041] However, many factors limit the efficiency of current immunotherapy in treating glioma, because glioma has a low immunogenic response and an immunosuppressive microenvironment caused by the precise crosstalk between cytokines and immune cells.[@CIT0042] Hence, it is worth to explore new immunotherapeutic targets to cure glioma.

Accumulating studies have shown the importance of lncRNAs in the regulation of immune cell differentiation, immune and inflammatory responses.[@CIT0043] LncRNA DGCR5 is first reported to be decreased in Huntington's disease.[@CIT0020] Moreover, DGCR5 has been reported to function as a tumor suppressor in papillary thyroid carcinoma,[@CIT0044] hepatocellular carcinoma[@CIT0045] and gastric cancer[@CIT0023] via acting as a competing endogenous RNA. However, DGCR5 may act as an oncogene in some tumors. For instance, DGCR5 is upregulated in lung adenocarcinoma (LUAD), and inhibition of DGCR5 can prevent LUAD progression via playing anti-apoptosis roles.[@CIT0046] Knockdown of DGCR5 suppresses laryngeal carcinoma progression and enhances the radiosensitivity of human laryngeal carcinoma cells via inducing miR-195.[@CIT0047] In this study, we found that DGCR5 expression was abnormally lower in glioma, and also significantly associated with glioma grade. It is well known that IDH mutation has an important influence on the development and progression of glioma. This study also showed that DGCR5 is highly enriched in IDH mutant glioma. In addition, we reported that increased levels of DGCR5 expression are associated with better prognosis in glioma, which is consistent with that IDH mutant glioma generally has a longer overall survival than IDH wild-type glioma.

Immunotherapy is the most promising treatment for malignant tumors. However, the TME, including stromal cells, inflammatory cells, vasculature, and extracellular matrix, usually participates in supporting the progression of glioma. Thus, it is urgently needed to discover new molecular biomarkers and targets that play vital roles in the TME. Here, we found that DGCR5 plays a crucial role in immune response, immune system process and defense response, as well as significantly correlates with infiltrated stromal and immune cells. In addition, DGCR5 is significantly negatively correlated with immunosuppressive properties of glioma, such as cytokines or chemokines that recruit immunosuppressive cells, including myeloid-derived suppressor cells, TAMs, and tumor-associated neutrophils, as well as immunosuppressive factors secreted by these cells. The correlations between DGCR5 expression and marker genes encoding immunoregulatory factors imply a role for DGCR5 in regulating tumor immunology in glioma. These special characteristics of DGCR5 have not been reported in previous studies.

Immune checkpoint inhibitors, which are the most promising approaches to activate antitumor immune response, have made great success in treatment of various cancers.[@CIT0048],[@CIT0049] However, some cancer patients may have immune-related adverse events from the treatment of immune checkpoint blockades.[@CIT0050] In recent years, accumulating studies have demonstrated a combination of immune checkpoint blockades, which may be a promising therapy for glioma.[@CIT0051],[@CIT0052] Considering the significant efficacy of immune checkpoint blockade therapy, we further evaluated the correlations between DGCR5 and immune checkpoints in glioma. Our results showed that DGCR5 is negatively associated with the checkpoint proteins PD-1, PD-L1, CTLA-4, LAG3, TIM-3 and B7-H3, indicating the potential effect of DGCR5 on regulating these immune checkpoints.

Mechanistically, DGCR5 might regulate the immunity in glioma through Wnt/β-catenin signaling pathway. Previous research works have reported that overexpression of DGCR5 inhibited Wnt/β-catenin signaling in cancers,[@CIT0022],[@CIT0053],[@CIT0054] indicating that the role of DGCR5 on regulating tumor progression may be based on this classical pathway. In addition, increasing evidence suggests that dysregulated Wnt/β-catenin signaling may support malignant transformation and disease progression through a variety of mechanisms in the TME.[@CIT0055] Wnt/β-catenin signaling positively or negatively affects anticancer immunosurveillance by modulating various aspects of tumor-immune cell interactions including the immunogenicity of cancer cells and the ability of immune cells, such as dendritic cells (DCs), natural killer (NK) cells, Treg cells, myeloid-derived suppressor cells (MDSCs), and cytotoxic T lymphocytes (CTLs) to elicit effective tumor-targeting immune responses.[@CIT0055] For example, activation of tumor cell-intrinsic β-catenin prevents spontaneous T cell priming and infiltration into the TME.[@CIT0056],[@CIT0057] Moreover, tumor-intrinsic β-catenin activity contributes to exclusion of T-cell infiltration into the colorectal cancer TME by regulating CCL4 expression to recruit CD103 DCs.[@CIT0058] Furthermore, Wnt/β-catenin signaling participates in the modulation of PD-L1 in triple-negative breast cancer, perhaps to help cancer cells escape immune surveillance.[@CIT0059] In the absence of Wnt ligands, GSK3β mediates the phosphorylation-dependent proteasomal degradation of PD-L1 by β-TrCP, and tumor infiltration is ultimately increased by interferon-producing CTLs.[@CIT0060] Additionally, Wnt/β-catenin signaling induces the expression of CTLA-4 in human melanoma tumors through the activity of TCF/LEF transcription factors.[@CIT0061] Based on these theories, we hypothesized that the interaction between DGCR5 and TME may be contributed by regulating the Wnt/β-catenin signaling pathway. However, further molecular biological experiments are required to validate this hypothesis.

Conclusion {#S0005}
==========

In conclusion, we explored the expression, clinical characteristics and biological functions of DGCR5 in glioma. Although the exact mechanisms of DGCR5 still require further investigation, our results indicate that DGCR5 may act as a potential therapeutic target in immunotherapy of glioma.

Disclosure {#S0006}
==========

The authors report no conflicts of interest in this work.

[^1]: These authors contributed equally to this work

[^2]: **Abbreviations:** KPS, Karnofsky Performance Scale; LGG, lower grade glioma; GBM, glioblastoma multiforme; TCGA, The Cancer Genome Atlas.
